The disease is a progressive movement disorder of the extrapyramidal system, which controls and adjusts communication between neurons in the brain and muscles in the human body. The affected brain cells release dopamine, a chemical messenger that is important for the control of movement, emotional responses and other functions. As the disease progresses, levels of available dopamine fall, and symptoms like tremors, slowness, impaired balance and stiffness get worse. Normal life erodes -at different rates in different people -as walking, talking and looking after oneself become increasingly difficult.
Secondary parkinsonism (or briefly Parkinsonism) is a term used for a symptom constellation that is similar to that of PD but is caused by other disorders or medications. Parkinsonism is a clinical syndrome characterized by tremor, bradykinesia, rigidity, and postural instability [1] . Parkinsonism shares symptoms found in PD, from which it is named; but parkinsonism is a symptom complex, and differs from PD which is a progressive neurodegenerative illness. The underlying causes of parkinsonism are numerous, and diagnosis can be complex [2] . Major reasons for secondary parkinsonism are stroke, encephalitis, narcotics, toxins and carbon monoxide poisoning. There are other idiopathic (of unknown cause) conditions as PD that may cause parkinsonism. In these conditions the problem is not the deficient production of dopamine but the inefficient binding of dopamine to its receptors located on globus pallidus. However, a wide range of other etiologies may lead to a similar set of symptoms, including some toxins, a few metabolic diseases, and a handful of neurological conditions other than PD [3] .
Numerous reviews and articles agree that the exact cause of PD remains unknown. Nowadays there is much evidence of the role of oxidative stress in the development of neurodegenerative diseases, such as PD, Alzheimer disease (AD), Amyotrophic Lateral Sclerosis (ALS) and Huntington's disease (HD). Much of these oxidative damaging processes are associated with an imbalance on the production of ROS that leads to mitochondrial stress and impairment in energy production.
There is no cure for PD, and patients must rely mainly on drug-based treatments to control their symptoms. The drugs are designed to increase dopamine in the affected parts of the brain. Despite adequate medication, many people with Parkinson's disease eventually develop problems with walking and balance. Also, some cannot tolerate full doses of dopamine-restoring medication because of the side effects.
Targeting the formation of unwanted blood vessels in the brain could be a way to help PD patients whose balance and walking difficulties persist despite dopamine-restoring medication.
The formation of new blood vessels, or angiogenesis, in the brain is also a feature of PD and other neurodegenerative disorders. The reason for this is not clear, but one theory is that the death of cells triggers it. Angiogenesis can also be triggered by inflammation and damage to tissue. 
ANGIOGENESIS IN PARKINSON'S DISEASE

ЛИТЕРАТУРНЫЕ ОБЗОРЫ
ЯДЯБИЙЙАТ ИЪМАЛЫ ЛЫТЕРАТУРЕ РЕВЫЕWС
It is possible to assess the extent of angiogenesis in the brain by measuring biomarkers in cerebrospinal fluid. The most current research was conducted at Lund University in Sweden. In 2015, Dr. Hansson and colleagues found clear links between several markers of angiogenesis and walking or balance difficulties in patients with PD. New research suggests that symptoms associated with PD -including intractable walking and trouble with balance -could be attributed to the formation of unwanted blood vessels -called angiogenesis -in the brain. Despite the use of adequate medication -including dopamine therapy -many PD patients eventually experience some symptoms associated with impaired motor skills. The results are in agreement with other similar research studies, which used brain tissue from deceased patients with PD. According to the study, it has been identified the link between inappropriate angiogenesis and PD symptoms when the researchers made the decisions to take a broader approach to study the mechanisms behind the disease. The measurements showed clear connections between markers of angiogenesis in the brain and walking or balance difficulties among the participants. It was also noted an increased permeability of the blood-brain barrier, which leads to blood components potentially leaking into the brain and causing damage [4] .
Patients with PD without dementia displayed higher CSF levels of VEGF, PlGF, and sVEGFR-2, and lower levels of Ang2, compared to controls. Similar alterations in VEGF, PlGF, and Ang2 levels were observed in patients with PD with dementia. Angiogenesis markers were associated with gait difficulties and orthostatic hypotension as well as with more pronounced BBB permeability, WMLs, and CMB. Moreover, higher levels of VEGF and PlGF levels were associated with increased CSF levels of neurofilament light (a marker of neurodegeneration) and monocyte chemotactic protein-1 (a marker of glial activation). The main results were validated in the 2 additional cohorts. Researchers conclude that CSF biomarkers of angiogenesis are increased in PD, and they are associated with gait difficulties, BBB dysfunction, WMLs, and CMB. Abnormal angiogenesis may be important in PD pathogenesis and contribute to doparesistant symptoms [4] .
Angiogenesis, i.e., the formation of blood vessels, has been linked to PD pathogenesis -post mortem analysis of patient's brains has identified increased numbers of nuclei from endothelial cells, blood vessels and increased levels of specific angiogenesis biomarkers. However, angiogenesis' role in PD is not yet completely established and understood. As such, the scientists used biological assays to measure different biomarkers of angiogenesis in CSF samples from PD patients with and without dementia, and compared them to disease-free controls. Additionally, the correlation of these markers' levels with balance problems (a frequent PD symptom), BBB permeability, and brain lesions was also investigated [4] .
Brain plasticity is not limited to neurons, but also involves astrocytes and microvascular cells forming so called 'neurovascular unit', which undergo long-lasting functional and structural adaptations in a number of neurological diseases [5] . Endothelial proliferation, angiogenesis and an ensuing transient increase in blood-brain barrier permeability can occur in the adult brain either as an adaptation to locally increased metabolic demands [6, 7] or as a response to injury [8, 9] . It is therefore not surprising that Faucheux et al. showed an increase in the number of stained nuclei of endothelial cells in the SN of PD patients consistent with an increase in vessel density, but the increase in endothelial cell nuclei was not observed in the ventral tegmental area, an area not affected in PD [9] .
Post-mortem investigations on human PD brains and animal models of PD have provided evidence of angiogenesis in the substantia nigra pars compacta [10] [11] [12] [13] , which have attributed this phenomenon to the ongoing neurodegenerative and neuroinflammatory changes in this region. Barcia and colleagues observed increased numbers of blood vessels in close proximity to degenerating DA neurons in the SN of nonhuman primates, which correlated with increased VEGF expression [10] .
Increasing evidence, however, indicates that the pharmacotherapy of PD may have angiogenic effects on the brain microvasculature. Strong evidence of treatment-induced angiogenesis has been obtained in rats with unilateral 6-hydroxydopamine lesions treated chronically with L-dopa. Animals that develop abnormal involuntary movements in response to L-dopa exhibit endothelial proliferation, upregulation of immature endothelial markers (nestin), downregulation of blood-brain barrier proteins (endothelial barrier antigen) and parenchymal accumulation of albumin in the striatum and its projection targets [14, 15] . The angiogenic cytokines mediating endothelial proliferation and microvascular remodelling in this animal model are still unknown and a possible contribution of angiogenesis to the development of LID has not been proven.
Angiogenesis and increased permeability of the blood-brain barrier have been reported to occur in animal models of PD and L-dopainduced dyskinesia, but the significance of these phenomena has remained unclear. Using a validated rat model of L-dopa-induced dyskinesia, other study demonstrates that chronic treatment with L-dopa dose dependently induces the expression of vascular endothelial growth factor in the basal ganglia nuclei. Findings in the rat model and human patients indicate that vascular endothelial growth factor is implicated in the pathophysiology of L-dopa-induced dyskinesia and emphasize an involvement of the microvascular compartment in the adverse effects of Ldopa pharmacotherapy in PD. This study has provided new evidence about the role and regulation of VEGF in the L-dopa-treated parkinsonian brain. The researchers propose that VEGF-dependent microvascular plasticity contributes to the chronicity of LID in the advanced stages of PD and that it may also contribute to individual variations in the severity of this movement disorder. Protective therapies targeting the vasoactive response to L-dopa may stabilize the microvasculature and prevent the worsening of dyskinesia over time. Longitudinal studies on patients with PD using a combination of clinical assessments, wet biomarkers and functional imaging approaches will be required to provide definite support for this notion [16] .
Research regarding the involvement of the microvasculature in neurological disease is attracting growing interest. Also, two recent in vivo imaging studies have reported blood-brain barrier dysfunction in the midbrain of patients with Parkinson's disease [17] . However, the medication history and therapeutic response to Ldopa were not considered in these investigations.
The presence of v 3 reactive vessels in PD and its syndromes is indicative of newly created vessels that have not likely developed the restrictive properties of the blood brain barrier. Such angiogenic vessels could contribute to neuroinflammation by failing to protect the parenchyma from peripheral immune cells and inflammatory or toxic factors in the peripheral circulation [18] .
Many of the cytokines released by activated microglia in PD are not only pro-inflammatory, but are also pro-angiogenic [19, 20] . Likewise, the pro-angiogenic molecule, Vascular Endothelial Growth Factor (VEGF) is elevated in the SNpc of PD patients [21] .
Angiogenesis may also be associated with blood brain barrier (BBB) dysfunction [22] . In the periphery, newly created angiogenic vessels are leaky due to their numerous fenestrea, widened inter-endothelial junctions, abnormal endothelial cell shape, and discontinuous or absent basement membrane [23] .
Thus, angiogenesis has not been fully studied in PD despite being associated with other neurodegenerative disorders. Taken together, these data suggest that angiogenic changes may accompany the pathophysiological processes underlying PD. 
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Тягдим едилмиш мягалядя Паркинсон хястялийи (ПХ) заманы анэиоэенезин тядгигаты барядя гыса иъмал верилир. Бахмайараг ки, анэиоэенез диэяр нейродеэенератив хястяликляр иля ялагялидир, ПХ заманы бу проблем ятрафлы тядгиг едилмямишдир. Ялдя едилмиш мялуматлара ясасланараг, анэиоэен дяйишикликлярин ПХ-нин ясасында дуран патофизиоложи просесляри мцшаийят етмяси щагда фикир йцрцтмяк олар. Ачар сюзляр: Паркинсон хястялийи, анэиоэенез, паркинсонизм.
